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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  apparatus  for 
controlling  the  tension  in  a  flexible  material  as  it  is 
wound  onto  or  unwound  from  a  drum  or  reel  ir- 
respective  of  the  speed  or  the  weight  and  size  of 
the  drum  within  the  design  limitations  of  the  sys- 
tem. 

BACKGROUND  OF  THE  INVENTION 

The  need  for  a  system  of  the  above  type  is 
borne  out  by  the  fact  that  certain  material,  namely 
glass  fibres,  plastic  fibres,  fine  metallic  wires  and 
filaments,  are  normally  manufactured  and  wound 
onto  drums  or  spools  for  handling  and  storing. 
Moreover  once  these  materials  are  required  to  be 
processed  and  made  into  a  cable  or  strand,  they 
have  to  be  payed-off  from  the  stored  spools  into 
the  process  which  will  transform  them  into  another 
product. 

It  is  during  this  unwinding  (and  also  the  pre- 
vious  winding)  process  that  care  must  be  taken  not 
to  stress  the  material  mechanically  as  this  will 
either  impair  the  future  optical,  electrical  or  me- 
chanical  properties  of  the  fibre  or,  at  worst,  will 
break  the  fibre  completely. 

It  is  in  this  area  that  an  accurate  system  is 
required  which  would  perform  this  duty  and  thus 
for  example  render  the  fibre  being  paid-off  at  con- 
stant  tension  producing  a  constant  characteristic 
pay-off  and  enabling  the  required  parameters  of  the 
final  product  to  be  within  specified  limits. 

As  a  practical  example,  consider  an  optical 
fibre,  which  is  a  glass  material  of  certain  refractive 
index  and  of  the  order  of  I00-200  microns  in  diam- 
eter  and  which,  after  manufacture,  is  to  be  put  into 
cable  form.  The  eventual  cable  may  contain  5,  10  or 
20  of  these  fibres,  each  payed-off  into  an  extruder. 
The  extruder  then  extrudes  the  material  and  forms 
a  cable  which  may  be  used  for  data  transmission 
or  communications. 

For  paying-off  each  individual  fibre,  a  tension 
control  system  is  required  that  maintains  tension  at 
a  few  grams,  ie  15  or  20  g,  continuously  throughout 
the  pay-off  process  irrespective  of  acceleration  or 
speed  and  independently  of  the  weight  or  size  of 
the  spool.  The  fibre  is  very  fragile,  therefore  it  is 
yery  important  that  the  system  can  maintain  this 
tension  without  any  deviation. 

Previous  systems  in  existence  include  tension 
control  pay-off's  employing  DC  motors  such  as 
described  in  UK  GB-A-  1194771. 

This  prior  system  was  designed  essentially  for 
paying-off  metallic  wire  and  had  tension  control 

requirements  in  the  range  I  to  5  kg.  Thus  deviation 
from  the  range  was  not  critical  since  the  material 
being  payed-off  was  not  fragile  or  ductile. 

Current  needs  however  require  a  more  precise 
5  and  accurate  method  of  tension  control  because  of 

the  different  and  varying  characteristics  of  the  ma- 
terial  to  be  handled  namely  that  of  fragility  as 
mentioned  above. 

The  prior  system  discussed  above  is  not  ca- 
io  pable  of  providing  these  needs  due  primarily  to  the 

use  of  a  D.C.  motor. 
Amongst  other  disadvantages  of  employing 

D.C.  machines  where  sensitivity  of  operation  is 
essential,  is  the  inclination  to  cog  at  low  speeds. 

75  Moreover  hot  spots  are  created  in  the  brushes  and 
commutators  and  "lurched  starting"  occurs  from 
stop.  The  brushes  themselves  carbonize  at  zero  or 
low  speed,  creating  high  resistance  hot  spots  and 
ensuing  discontinuity  rendering  the  system  unusa- 

20  ble. 
A  system  for  controlling  the  speed  of  a  poly- 

phase  induction  motor  thereby  to  control  the  reel- 
ing  off  of  lengths  of  material  at  constant  tension,  is 
disclosed  in  US  2571454.  This  system  includes  an 

25  electron  tube  connected  between  two  of  the  motor 
phase  windings  which  when  conducting  reduces 
the  speed  of  the  motor,  and  a  transformer  for 
controlling  a  control  electrode  of  the  tube  whereby 
to  relate  conduction  of  the  tube  to  a  function  of  the 

30  variation  of  length  of  the  material  being  held  under 
tension. 

In  this  way  control  of  the  motor  speed  is  used 
to  hold  the  tension  of  the  material  constant.  How- 
ever  this  system  lacks  refinement  and  control. 

35 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  invention  to  obviate  the 
40  disadvantages  of  the  prior  art  and  to  provide  a 

tension  control  system  for  travelling  flexible  ma- 
terial  of  wider  application  particularly  in  controlling 
the  tension  of  material  of  a  filamentary  from  with  a 
high  degree  of  sensitivity  and  accuracy. 

45  According  to  the  invention  there  is  provided 
apparatus  for  controlling  the  tension  of  flexible  ma- 
terials  during  winding  and  unwinding  processes 
comprising  an  A.C.  electric  motor  in  the  form  of  a  \  
three  phase  induction  motor,  said  motor  being 

so  coupled  to  a  spool  or  reel  onto  or  from  which  a 
flexible  material  is  to  be  wound  or  unwound  re- 
spectively,  to  drive  the  spool  or  reel,  detector 
means  for  detecting  changes  in  tension  of  the 
flexible  material  from  a  predetermined  value  during 

55  winding  or  unwinding  and  providing  output  signals 
representative  thereof,  and  control  means  oper- 
ative^  responsive  to  said  output  signals  to  control 
the  drive  of  said  A.C.  motor  thereby  to  maintain  the 
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tension  of  the  material  at  said  predetermined  value, 
characterised  in  that  said  control  means  includes  a 
pair  of  thyristor  banks  selectively  operable  in  re- 
sponse  to  said  output  signals  and  connected_  re- 
spectively  to  a  phase  winding  of  the  motor,  and 
phase  shift  actuating  means  in  the  form  of  a  ca- 
pacitor  connected  across  the  phase  windings  to  the 
thyristor  banks  to  act  as  a  phase  determinant  of 
said  windings  during  selective  operation  of  said 
thyristor  banks  thereby  to  effect  forward  and  re- 
verse  drive  of  said  induction  motor  to  attain  the 
required  tension  in  said  material,  or  to  vary  the 
torque  of  the  motor  in  either  forward  or  reverse 
drive  as  the  case  may  be,  to  restore  the  tension  to 
the  required  value,  the  rotor  of  said  motor  having  a 
high  resistance  to  effect  a  torque  speed  character- 
istic  of  decreasing  torque  with  increased  speed. 

The  use  of  an  A.C.  induction  motor  removes 
the  problems  of  D.C.  motor  control  as  enumerated 
above,  and  by  increasing  the  inherent  rotor  resis- 
tance,  the  normal  torque  speed  characteristics  may 
be  altered  so  that  torque  decreases  with  increasing 
speed  from  start. 

Control  of  the  output  torque  of  the  induction 
motor  is  achieved  by  the  control  means  including  a 
pair  of  thyristor  banks  operating  selectively  on  two 
phases  of  the  three  phase  induction  motor,  one  for 
forward  and  one  for  reverse  drive,  with  a  phase 
shift  actuating  device,  preferably  a  capacitor,  be- 
tween  the  outputs  of  the  thyristor  banks  to  act  as 
the  phase  determinant  of  the  two  phase  windings 
depending  on  which  thyristor  bank  is  energised  for 
forward  and  reverse  drive. 

In  response  to  variation  of  tension  in  the  travel- 
ling  material  from  a  predetermined  value,  the  for- 
ward  drive  thyristor  bank  is  selectively  energised  to 
provide  an  output  voltage  varying  the  output  torque 
through  the  phase  windings  to  either  increase  or 
decrease  forward  drive  as  the  case  may  be. 

Due  to  modification  of  the  rotor  resistance  as 
explained  earlier  to  provide  particular  torque  speed 
characteristics,  smooth  and  stable  operational  vari- 
ation  of  motor  torque  is  achievable  on  a  continuous 
basis  thereby  to  maintain  accurate  control  over  the 
required  tension  of  the  travelling  filamentary  ma- 
terial. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings  wherein 
Figure  I  is  a  schematic  view  of  apparatus  for  con- 
trolling  the  tension  of  a  filamentary  material  being 
unwound  from  a  drum  for  use  in  a  subsequent 
process;  and 
Figure  2  is  a  diagram  of  a  suitable  circuit  for 

operating  the  apparatus  of  Figure  I. 

BEST  MODES  OF  CARRYING  OUT  THE  INVEN- 
s  TION 

The  apparatus  shown  in  Figure  I  comprises  a 
three  phase  AC  induction  motor  I  coupled  via  a  belt 
and  pulley  2  to  an  output  shaft  3  carrying  a  drum 

w  or  spool  4  from  which  fibre  or  other  flexible  ma- 
terial  W  is  being  unwound  at  constant  tension. 

A  sensing  device  for  sensing  the  tension  of  the 
travelling  material  W  comprises  a  V-groove  pulley 
5  around  which  the  fibre  moves,  to  which  is  at- 

75  tached  a  dancer  arm  6  operating  on  a  potentiom- 
eter  7. 

A  balance  weight  8  is  slidable  along  the  dancer 
arm  6  in  order  to  provide  tension  in  the  travelling 
fibre  or  other  flexible  material,  and  by  sliding  the 

20  weight  8  backwards  or  forwards  along  the  dancer 
arm,  this  tension  may  be  reduced  or  increased  as 
necessary. 

Another  method  to  produce  variable  tension 
would  be  to  spring  load  the  dancer  arm  6  by  an 

25  adjustable  spring  device  (not  shown). 
Additionally  although  a  potentiometer  7  is  de- 

scribed  as  the  means  for  detecting  and  outputing  a 
signal  indicative  of  variation  in  tension  from  the 
prescribed  value,  nevertheless  it  is  possible  to  use 

30  other  transducers  such  as  inductors,  capacitors  or 
a  combination  of  the  same  to  perform  a  similar 
function,  as  will  be  appreciated  by  those  skilled  in 
the  appropriate  art. 

With  reference  to  the  electronic  circuit  diagram 
35  in  Figure  2,  the  potentiometer  7  outputs  an  error 

signal  representative  of  variation  in  tension  in  the 
material  W  from  the  prescribed  value. 

The  error  signal  has  proportional  and  derivative 
gain  terms  applied  to  it  in  amplifier  8  and  is  then 

40  compared  by  comparators  9  with  two  ramp  wave 
forms  from  dual  ramp  generator  10  one  for  forward 
and  one  for  reverse  rotation  of  the  motor  I. 

The  output  from  either  one  of  the  comparators 
9  is  a  variable  mark-space  ratio  dependent  upon 

45  the  amplitude  of  the  error  signal  from  the  poten- 
tiometer  7. 

This  is  combined  at  logic  gates  II  and  12  with  a 
pulse  from  trigger  pulse  generator  13  which  is  used 
to  trigger  an  appropriate  thyristor  bank  14,  15  for 

50  forward  and  reverse  drive  of  the  motor  I. 
The  three  phase  motor  I  has  one  phase  16 

connected  directly  to  one  side  of  a  mains  supply 
LI,  the  other  two  phases  17,  18  being  controlled  by 
the  thyristor  banks  14,  15  respectively  connected  to 

55  the  other  side  L2  of  the  mains  supply. 
The  third  phase  required  for  the  three  phase 

induction  motor  is  provided  by  phase  shift  capaci- 
tor  19  to  operate  the  motor  I  in  forward  and  reverse 

3 
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drive  depending  upon  which  thyristor  bank  14,  15  is 
energised. 

In  a  situation  where  the  fibre  W  breaks,  the 
dancer  arm  6  falls  to  its  lowest  position  and  thisjs 
detected  by  a  comparator  19. 

This  causes  a  DC  current  to  flow  through  the 
motor  I  by  triggering  only  the  thyristor  15  through 
logic  gate  20  thereby  rapidly  stopping  the  motor  I. 

A  few  seconds  after  the  dancer  arm  6  has 
dropped,  the  triggering  pulse  from  the  thyristor  15 
are  cut  off  by  the  time  circuit  21.  A  circuit  22  is 
provided  to  detect  when  the  mains  voltage  falls 
below  a  predetermined  level  which  cuts  off  any 
trigger  impulses  to  the  thyristor  banks  14,  15. 

Additionally  in  such  an  event  a  triac  23  is 
triggered  to  provide  an  output  for  operating  an 
alarm  or  similar  device  (not  shown). 

A  DC  power  supply  24  provides  a  positive  and 
negative  voltage  feeding  the  dancer  arm  potentiom- 
eter  7  and  control  circuit  electronics. 

As  explained  earlier  the  motor  I  is  a  modified 
induction  motor  where  the  rotor  is  designed  to  have 
a  high  resistance.  This  is  necessary  to  change  the 
torque  speed  characteristics  of  the  motor  so  that 
torque  falls  with  increasing  speed.  The  normal  in- 
duction  motor  characteristic  is  one  of  increasing 
torque  with  speed  up  to  approximately  80%  of 
synchronous  speed,  then  the  torque  decreases  tor- 
wards  zero.  This  would  imply  that  a  normal  induc- 
tion  motor  would  have  to  be  used  above  80%  of 
the  synchronous  speed  to  achieve  stable  operation. 

In  a  normal  induction  motor  which  is  operating 
at  a  high  slip  frequency  the  rotor  appears  primarily 
as  an  inductance.  This  causes  the  magnetic  field 
created  by  the  rotor  current  to  be  out  of  phase  with 
the  field  induced  by  the  stator. 

This  problem  is  overcome  by  increasing  the 
inherent  rotor  resistance  so  reducing  the  degree  of 
phase  shift  in  rotor  current  at  high  slip  frequency. 

Claims 

1.  Apparatus  for  controlling  the  tension  of  flexible 
materials  during  winding  and  unwinding  pro- 
cesses  comprising  an  A.C.  electric  motor  (1)  in 
the  form  of  a  three  phase  induction  motor,  said 
motor  being  coupled  to  a  spool  or  reel  (4)  onto 
or  from  which  a  flexible  material  (W)  is  to  be 
wound  or  unwound  respectively,  to  drive  the 
spool  or  reel  (4),  detector  means  (7)  for  detect- 
ing  changes  in  tension  of  the  flexible  material 
(W)  from  a  predetermined  value  during  winding 
or  unwinding  and  providing  output  signals  re- 
presentative  thereof,  and  control  means  (14,15) 
operatively  responsive  to  said  output  signals  to 
control  the  drive  of  said  A.C.  motor  (1)  thereby 

to  maintain  the  tension  of  the  material  at  said 
predetermined  value,  characterised  in  that  said 
control  means  includes  a  pair  of  thyristor 
banks  (14,15)  selectively  operable  in  response 

5  to  said  output  signals  and  connected  respec- 
tively  to  a  phase  winding  of  the  motor,  and 
phase  shift  actuating  means,  in  the  form  of  a 
capacitor  (19)  connected  across  the  phase  win- 
dings,  to  the  thyristor  banks  (14,15)  to  act  as  a 

10  phase  determinant  of  said  windings  during 
selective  operation  of  said  thyristor  banks 
(14,15)  thereby  to  effect  forward  and  reverse 
drive  of  said  induction  motor  to  attain  the  re- 
quired  tension  in  said  material,  or  to  vary  the 

?5  torque  of  the  motor  in  either  forward  or  reverse 
drive  as  the  case  may  be,  to  restore  the  ten- 
sion  to  the  required  value,  the  rotor  of  said 
motor  having  a  high  resistance  to  effect  a 
torque  speed  characteristic  of  decreasing 

20  torque  with  increased  speed. 

2.  Apparatus  as  claimed  in  claim  1  wherein  said 
detector  means  (7)  comprises  a  potentiometer 
providing  error  signals  representative  of  vari- 

25  ation  in  tension  from  the  required  value,  and 
means  for  processing  the  said  error  signals  to 
provide  a  train  of  pulses  to  trigger  the  appro- 
priate  one  of  said  thyristor  banks  in  accor- 
dance  with  said  error  signal. 

30 
3.  Apparatus  as  claimed  in  claim  2  wherein  said 

processing  means  includes  comparator  means 
for  comparing  said  error  signals  with  the  re- 
spective  signals  from  dual  ramp  generator  (10) 

35  thereby  to  output  a  variable  mark-space  ratio 
wave  form  dependent  upon  the  amplitude  of 
the  respective  error  signal,  and  logic  gate 
means  (11,12,20)  for  combining  a  said  wave 
form  with  said  pulse  train  from  trigger  pulse 

40  means  (13)  to  trigger  the  appropriate  thyristor 
bank  depending  upon  the  sense  of  said  error 
signal. 

4.  Apparatus  as  claimed  in  any  preceding  claim 
45  wherein  a  thyristor  in  one  of  said  thyristor 

banks  (14,15)  is  triggerable  by  cable-break  de- 
tector  means  to  input  a  D.C.  current  to  said 
motor  to  disable  same  upon  the  occurrence  of 
a  break  in  said  travelling  material. 

50 

Revendications 

1.  Appareil  pour  controler  la  tension  de  materiaux 
55  souples  pendant  les  procedures  d'enroulement 

et  de  deroulement  comprenant  un  moteur  elec- 
trique  a  courant  alternatif  (1)  du  type  moteur 
triphase  a  induction,  ledit  moteur  etant  accou- 

i 
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pie  a  une  bobine  ou  a  un  rouleau  (4)  sur  lequel 
ou  a  partir  duquel  un  materiau  souple  (W)  doit 
etre  enroule  ou  deroule  respectivement,  pour 
entraTner  la  bobine  ou  le  rouleau  (4),  un  moyen 
detecteur  (7)  pour  detecter  les  modifications  5 
de  tension  dans  le  materiau  souple  (W)  par 
rapport  a  une  valeur  predetermined  au  cours 
de  I'enroulement  ou  du  deroulement  et  deli- 
vrant  des  signaux  de  sortie  representatifs  de 
ces  variations,  et  un  moyen  de  commande  (14,  w 
15)  fonctionnant  en  reponse  auxdits  signaux  de 
sortie  pour  commander  I'entraTnement  dudit 
moteur  a  courant  alternatif  (1)  de  fagon  a 
maintenir  la  tension  du  materiau  a  ladite  valeur 
predetermined,  caracterise  en  ce  que  ledit  15 
moyen  de  commande  comprend  deux  ban- 
ques  de  thyristors  (14,  15)  pouvant  fonctionner 
de  maniere  selective  en  reponse  auxdits  si- 
gnaux  de  sortie  et  respectivement  relies  a  un 
enroulement  de  phase  du  moteur,  et  un  moyen  20 
de  commande  de  dephasage  sous  la  forme 
d'un  condensateur  (19)  connecte  aux  bornes 
des  enroulements  de  phase  des  banques  de 
thyristors  (14,  15)  pour  servir  de  definition  des 
phases  desdites  enroulements  pendant  le  25 
fonctionnement  selectif  desdites  banques  de 
thyristors  14,  15)  afin  de  creer  un  entraTnement 
en  avant  et  en  arriere  dudit  moteur  a  induction 
pour  atteindre  la  tension  exigee  dans  le  mate- 
riau,  ou  pour  faire  varier  le  couple  du  moteur  30 
soft  en  entraTnement  avant,  soft  en  entraTne- 
ment  arriere  selon  le  cas,  pour  etablir  la  ten- 
sion  a  la  valeur  voulue,  le  rotor  dudit  moteur 
ayant  un  resistance  elevee  pour  obtenir  une 
caracteristique  couple-vitesse  telle  que  le  cou-  35 
pie  diminue  quand  la  vitesse  augmente. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
ledit  moyen  detecteur  (7)  comporte  un  poten- 
tiometre  delivrant  des  signaux  d'erreur  repre-  40 
sentatifs  de  la  variation  de  tension  par  rapport 
a  la  valeur  voulue,  et  un  moyen  pour  traiter 
lesdits  signaux  d'erreur  afin  d'obtenir  un  train 
d'impulsions  qui  declenche  la  banque  appro- 
priee  parmi  lesdites  banques  de  thyristors  en  45 
fonction  dudit  signal  d'erreur. 

3.  Appareil  selon  la  revendication  2,  dans  lequel 
ledit  moyen  de  traitement  comprend  un  moyen 
comparateur  pour  comparer  lesdits  signaux  50 
d'erreurs  avec  lesdits  signaux  correspondants 
delivres  par  un  generateur  a  double  pente  (10) 
de  fagon  a  delivrer  ainsi  une  forme  d'onde  a 
rapport  marquage-espace  variable  en  fonction 
de  I'amplitude  du  signal  d'erreur  correspon-  55 
dant,  et  un  moyen  de  porte  logique  (11,  12, 
20)  pour  combiner  une  dite  forme  d'onde  avec 
iedit  train  d'impulsions  delivrees  par  le  moyen 

d'impulsions  de  declenchement  (13)  afin  de 
declencher  la  banque  de  thyristors  appropriee 
en  fonction  du  sens  dudit  signal  d'erreur. 

4.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  un  thyristor 
de  I'une  desdites  banques  de  thyristors  (14, 
15)  peut  etre  declenche  par  un  moyen  detec- 
teur  de  rupture  de  cable  pour  appliquer  un 
courant  continu  audit  moteur  et  invalider  ce 
moteur  en  cas  de  rupture  dans  ledit  materiau 
en  deplacement. 

Anspruche 

1.  Apparat  zum  Steuern  der  Spannung  eines  fle- 
xiblen  Materials  beim  Auf-  oder  Abwickeln,  mit 
einem  Wechselstrommotor  (1)  in  Form  eines 
Dreiphasen-lnduktionsmotors,  der  antriebsma- 
flig  mit  einer  Spule,  Haspel  oder  Trommel  (4) 
verbunden  ist,  auf  die  bzw.  von  der  das  flexible 
Material  (W)  aufgewickelt  bzw.  abgewickelt 
wird,  mit  Detektormitteln  (7)  zur  Ermittlung  von 
Abweichungen  der  Spannung  des  flexiblen  Ma- 
terials  (W)  von  einem  vorgegebenen  Wert 
wahrend  des  Aufwickelns  oder  Abwickelns  so- 
wie  zur  Erzeugung  von  entsprechenden  Aus- 
gangssignalen,  und  mit  Steuermitteln  (14,  15) 
die  auf  die  Ausgangssignale  ansprechen,  urn 
den  Betrieb  des  Motors  zu  steuern  und  da- 
durch  die  Spannung  des  Materials  auf  dem 
vorgegebenen  Wert  zu  halten,  dadurch  ge- 
kennzeichnet,  dafi  die  Steuermittel  ein  Paar 
von  Thyristorschaltstrecken  oder  -schaltkreisen 
(14,  15)  aufweisen,  die  selektiv  in  Abhangigkeit 
von  den  Ausgangssignalen  betatigbar  und  je- 
weils  mit  einer  Phasenwicklung  des  Motors 
verbunden  sind,  dafl  Phasenschiebermittel  in 
Form  eines  Kondensators  (C)  quer  zu  den 
Phasenwicklungen  mit  den  Thyristorschaltkrei- 
sen  (14,  15)  verbunden  sind,  urn  als  phasenbe- 
stimmendes  Element  der  erwahnten  Wicklun- 
gen  wahrend  der  selektiven  Betatigung  der 
Thyristorschaltkreise  (14,  15)  zu  dienen,  urn 
dadurch  eine  Vorwarts-  und  Ruckwartsdrehung 
des  erwahnten  Induktionsmotors  zur  Erzielung 
der  erforderlichen  Spannung  des  Materials  zu 
bewirken,  oder  urn  das  Drehmoment  des  Mo- 
tors  im  jeweiligen  Vorwarts-  oder  Ruckwarts- 
betrieb  zu  andern,  urn  die  Spannung  wieder 
auf  den  vorgegebenen  Wert  zu  bringen,  und 
dafl  der  Rotor  des  Motors  einen  hohen  Wider- 
stand  aufweist,  urn  eine  Drehmoment- 
Drehzahl-Charakteristik  mit  einem  mit  anstei- 
gender  Drehzahl  abfallenden  Drehmoment  zu 
erhalten. 
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2.  Apparat  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da/3  die  Detektormittel  (7)  ein  Poten- 
tiometer  zur  Erzeugung  von  Fehlersignalen 
entsprechend  der  jeweiligen  Abweichung  der 
Spannung  vom  erforderlichen  Wert  aufweisen,  5 
und  da/3  Mittel  zur  Verarbeitung  der  erwahnten 
Fehlersignale  vorgesehen  sind,  urn  eine  Im- 
pulsfolge  liefern,  und  zwar  zum  Triggern  des 
jeweils  passenden  der  Thyristorschaltkreise 
entsprechend  dem  Fehlersignal.  w 

3.  Apparat  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  da/3  die  erwahnten  Prozessormittel 
Komparatormittel  zum  Vergleichen  der  Fehler- 
signale  mit  entsprechenden  Signalen  eines  75 
dualen  Rampengenerators  (10)  aufweisen,  urn 
hierdurch  ein  Ausgangssignal  mit  einem  vari- 
ablen  Tastverhaltnis  zu  erzeugen,  und  zwar 
abhangig  von  der  Amplitude  des  jeweiligen 
Fehlersignals,  und  da/3  logische  Gatter-Mittel  20 
(11,  12,  20)  vorgesehen  sind,  urn  dieses  Aus- 
gangssignal  mit  der  erwahnten  Impulsfolge  von 
Trigger-lmpulsmitteln  (13)  zu  kombinieren,  urn 
den  entsprechenden  Thyristorschaltkreis  in  Ab- 
hangigkeit  von  dem  Fehlersignal,  insbesondere  25 
in  Abhangigkeit  vom  Inhalt  und  Vorzeichen  des 
Fehlersignals  steuert. 

4.  Apparat  nach  einem  der  vorhergehenden  An- 
spruche,  dadurch  gekennzeichnet,  da/3  ein  30 
Thyristor  in  einem  der  erwahnten  Thyristor- 
stromkreise  (14,  15)  durch  Kabelbruchuberwa- 
chungsmittel  ansteuerbar  ist,  um  einen  Gleich- 
strom  an  den  erwahnten  Motor  zu  liefern,  um 
diesen  beim  Auftreten  eines  Bruches  in  dem  35 
bewegten  Material  unwirksam  zu  schalten  bzw. 
stillzusetzen. 
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